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PREVIEW  OF  THIS  REPORT 


A  Report  on  the  materialized  proposal  entitled  “Processing  and  Testing  Instrumentation  for 
the  Microelectronics  Laboratory”  was  sent  by  using  regular  postal  mail  service  during  the 
Spring  2004  semester  having  a  date  of  December  2003.  Recently  I  was  drawn  attention  that  a 
Report  i  s  n  ecessary  t  o  se  nd  f  or  t  he  s  ame  p  roposal.  T  his  s  ituation  p  rompts  t  hat  t  he  R  eport  i  s 
either  lost  or  did  not  reach  to  the  destination  through  the  regular  mailing  system.  Invariably  it 
was  not  sent  electronically.  Now  it  is  found  that  the  copy  of  that  Report  is  also  missing  from  the 
computer  storage  at  Alabama  A  &  M  University  (AAMU)  and  cannot  be  reproduced  as  it  was 
submitted  then.  The  reason  for  missing  Report  in  the  computer  storage  is  associated  with  few 
times  virus  infection  in  the  hard  drive,  and  eventually  the  same  computer  was  updated  with  a 
new  one.  Thus,  several  things  including  documents  have  been  permanently  lost  as  they  could 
not  be  recovered. 

Considering  demand  and  requirement  for  the  report  it  is  decided  that  a  fresh  report  is  prepared 
from  the  scratch,  and  then  send  via  insured/registered  mail  assuring  of  receiving  the  report  for 
the  file.  Thus,  the  present  report  is  prepared  using  most  recent  features  of  the  nascent 
Microelectronics  Laboratory  in  the  new  Engineering  and  Technology  Building  (ETB) 
established  in  the  Department  of  Electrical  Engineering  at  Alabama  A  &  M  University. 
Altogether  this  report  updates  the  present  status  of  the  Microelectronics  Laboratory  although  the 
funding  has  come  from  concurrent  multiple  sources. 


THE  REAL  CIRCUMSTANCE  AND  THE  LATE  REPORT 

The  Report  sent  in  Spring  2004  was  little  late.  The  real  situation  with  the  newly  established 
Department  of  Electrical  Engineering  at  Alabama  A  &  M  University  (AAMU)  involves  several 
unavoidable  concurrent  issues.  One  of  them  was  to  achieve  ABET  accreditation  and  moving  to 
the  newly  constructed  building.  In  future,  late  submission  of  the  Report  will  not  be  a  practice  as 
the  Department  reaches  to  a  mature  operation.  The  Department  received  ABET  EAC  EC-2000 
accreditation  in  August  2001  making  effective  in  May  1999  and  renewed  in  Fall  2003  following 
visits  in  Fall  2000  and  Fall  2002,  respectively.  Achieving  such  a  high  priority  goal  in 
conjunction  with  the  renewal  of  SACS  (Southern  Accreditation  of  Colleges  and  Schools)  at 
AAMU  was  a  massive  thrust  at  the  same  time. 

The  Department  of  Electrical  Engineering  began  offering  courses  in  the  Microelectronics  option 
in  Fall  1999  where  the  PI  (Dr.  M.  A.  Alim)  was  the  front  leader  for  this  option.  Since  then  the 
PI  has  been  extremely  busy  with  multi-task  challenges  and  undertaking  overloads  from  the 
University  to  accomplish  the  goals  and  objectives  of  the  newly  established  programs  within  the 
Department.  The  State  of  Alabama  has  provided  funds  to  complete  the  new  86,000  sq.  ft. 
building  of  the  School  of  Engineering  and  Technology  which  is  operating  since  Spring  2003. 
The  new  laboratories  are  continuously  being  installed  since  then,  and  they  are  still  in  the  process 
of  re-arrangement  and  installation  as  the  Department  moved  to  this  new  building  from  a 
previously  squeezed  initial  spacing  at  Carver  Complex  North  building.  These  installation 
processes  are  very  time  consuming  during  the  academic  year  but  has  become  accessible  to  the 
students  and  the  faculty  members. 
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THE  NEW  ELECTRICAL  ENGINEERING  PROGRAM 


The  Alabama  A  &  M  University  is  a  land  grant  HBCU I  nstitution,  established  in  1890’s  to 
serve  the  needs  of  the  minority  population  of  the  State  of  Alabama.  During  the  1970’s,  the 
University  entered  into  a  lawsuit  to  acquire  necessary  funds  to  carry  out  its  land-grant  mission. 
In  1995,  the  court  order  authorized  the  University  to  establish  two  new  engineering  programs, 
one  i n  E  lectrical  Engineering  and  another  in  Mechanical  Engineering.  The  Department  of 
Electrical  Engineering  offers  BS  degree  in  electrical  engineering.  In  addition  to  the  usual 
general  electrical  engineering  option,  the  program  offers  options  in  (1)  Microelectronics  and  (2) 
Computer  Engineering. 

The  newly  established  Department  of  Electrical  Engineering  was  housed  at  Carver  Complex 
North  in  Fall  1996  and  began  the  program  by  recruiting  students.  The  regular  Undergraduate 
laboratories  began  operating  by  acquiring  step-wise  progressing  instruments.  The  courses  in  the 
Microelectronics  option  were  first  offered  in  Fall  1999  through  the  initiative  of  the  PI.  Each  of 
the  courses  in  this  option  was  structured  and  offered  initially  by  the  PL  Upon  joining  the 
Department  in  January  2000  Dr.  K.  B.  Cook  gradually  began  to  participate  in  structuring  this 
option  with  the  PL 

The  new  Engineering  and  Technology  Building  (ETB)  was  completed  in  December  2002  and 
regular  classes  started  in  Spring  2003.  Transferring  Undergraduate  laboratory  instruments  and 
then  re-installation  became  a  time  consuming  task.  As  of  today  two  Microelectronics  courses 
are  structured  with  the  requirements  of  the  Practicum  Courses  (Laboratory  Practices) 
involving  facilities  in  two  laboratories.  The  recent  addition  of  a  new  faculty,  Dr.  Zhigang  Xiao, 
in  January  2005  has  provided  assistance  in  the  laboratory  operations. 


RECOGNITION  OF  THE  PRINCIPAL  INVESTIGATOR  (Dr.  M.  A.  Alim) 

Having  a  tight  schedule  including  over  loaded  responsibilities  the  Principal  Investigator  (PI), 
Dr.  M.  A.  Alim,  has  received  the  highest  scholarly  honor  of  the  Alabama  A  &  M  University  - 
“Researcher  of  the  Year  2003”  on  August  14,  2003.  Dr.  Alim  is  looking  forward  to  continue  to 
preserve  this  honorable  dignity  in  the  coming  future  through  his  contributions  in  the 
development  of  the  FACT  and  FDC  laboratory  facilities  at  AAMU. 
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EXECUTIVE  SUMMARY 


The  Microelectronics  Laboratory  in  the  Department  of  Electrical  Engineering  at  Alabama  A 
&  M  University  (AAMU)  has  acquired  basic  infrastructure  instruments  for  both  processing  and 
characterization  purposes.  These  instruments  accommodate  necessary  vital  components  of 
running  an  initial  stage  laboratory  experiments  for  the  Undergraduate  courses  for  the  students  in 
the  Microelectronics  option.  Though  this  laboratory  is  not  complete  but  serves  the  initial 
purpose  at  this  moment  for  these  Undergraduate  students.  Some  characterization  instruments 
may  be  used  for  testing  and  evaluation  as  well.  Several  sources  of  funds  including  this  AFOSR 
fund  are  used  in  erecting  this  laboratory  at  the  functional  level.  Further  funding  sources  are 
continuously  sought  from  several  comers  to  run  this  laboratory  on  a  daily  basis.  The  list  of  the 
instmments  along  with  the  installed  photographs  is  provided  in  this  Report. 

The  Microelectronics  Laboratory  at  AAMU  has  two  aspects  of  operation  serving  two  basic 
Undergraduate  courses  [EE452:  Semiconductor  Instrumentation,  and  EE451:  Integrated  Circuit 
Fabrication ]  in  the  Microelectronics  option  program  within  the  Department  of  Electrical 
Engineering  curricula.  Thus,  two  brochures  have  been  prepared  to  focus  capabilities  of  the 
Department  of  Electrical  Engineering.  These  are: 

(1)  Failure  Analysis,  Characterization,  and  Testing  (FACT)  Laboratory  serving  the  course 
EE452;  and 

(2)  Fabrication  Development  Center  (FDC)  serving  the  course  EE451. 

Each  course  is  designed  with  three  credit  hours  having  one  hour  equivalent  to  the  associated 
laboratory  curricula. 

This  laboratory  is  near  operation  with  the  sessions/classes  for  these  two  courses  since  Fall  2004. 
During  Fall  2003  the  laboratory  was  used  for  teaching  EE451  while  the  laboratory  for  EE452 
was  in  the  installation  process.  EE451  is  based  on  fabrication  only.  During  Spring  2004  EE452 
was  taught  with  the  basics  of  characterization  and  testing  involving  forward  and  reverse 
engineering  technologies  for  variety  integrated  circuits  including  equivalent  circuit  modeling  of 
the  semiconductor  devices.  Concurrently  instrumentation  became  a  pivoting  subject  of  this 
course. 

The  School  of  Engineering  and  Technology  is  housed  in  a  new  building  known  as  Engineering 
and  T echnology  B uilding  (ETB)  comprising  o  f  about  8  6,000  sq.  ft.  It  w as  c ompleted  during 
December  2002,  and  began  operating  with  the  classes  in  Spring  2003.  The  size  of  the  designed 
class  1,000  clean  room  is  about  2,500  sq.  ft.  This  clean  room  is  in  operation  and  Dr.  K.  B.  Cook 
serves  as  the  contact  person  for  the  Fabrication  D  evelopment  C  enter.  He  is  assisted  by  a 
newly  hired  faculty,  Dr.  Zhigang  Xiao,  for  laboratory  operations.  This  new  hire  in  January  2005 
is  related  to  the  expanded  laboratory  facilities  for  the  aforementioned  two  courses  and  enhanced 
class  schedules  with  growing  enrollment  each  year. 
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INTRODUCTION 


Upon  materializing  funding  (AFOSR)  of  $180,000  to  develop  the  infrastructure  of  the 
Microelectronics  Laboratory  at  AAMU  the  Department  emphasized  instrument  listing. 
Concurrent  funds  were  also  accumulated  to  achieve  the  ultimate  goals  for  operating  this 
laboratory.  The  anticipated  class  1,000  clean  room  of  2,500  sq.  ft.  was  designed  with  floor 
arrangement  for  the  instruments  In  order  to  achieve  maximum  benefit  with  increasing  costs 
excellent  conditioned  instruments  were  in  the  priority  listing.  Thus,  used  instruments  were 
procured  wherever  possible.  Also  several  new  instruments  were  purchased.  Since  there  was  an 
access  to  other  funds  in  a  concurrent  manner,  the  instruments  were  prioritized  with  respect  to 
the  sequence  of  pricing  of  both  used  and  new  instruments. 

Based  on  the  type  of  incoming  instruments  two  laboratory  spaces  were  used  for  installation  and 
operation  as  the  area  in  the  clean  room  was  not  adequate.  The  Fabrication  Development 
Center  (FDC)  primarily  housed  all  instruments  related  to  fabrication  and  processing.  The 
Failure  Analysis,  Characterization,  and  Testing  (FACT)  Laboratory  incorporated  all 
characterization  and  testing  instruments.  These  instruments  are  also  used  for  evaluation  of 
microelectronic  and  hybrid  devices  including  integrated  circuits. 


FEATURES  OF  THE  LABORATORY  FACILITIES 

Two  brochures  are  prepared  by  the  Department  of  Electrical  Engineering  at  AAMU  displaying 
capabilities  of  the  Microelectronics  Laboratory  facilities.  These  two  brochures  reflect  FACT 
and  FDC  instrumental  operations.  The  summary  of  these  instrumental  operations  incorporated 
in  each  brochure  is  shown  in  Figure  1  and  Figure  2.  The  content  of  each  brochure  is 
reproduced  below  as  it  is  not  very  legible. 

1.  Failure  Analysis,  Characterization,  and  Testing  (FACT)  Laboratory 

The  Failure  Analysis,  Characterization,  and  Testing  Facilities  have  the  capabilities  to  support 
evaluation  of  the  Microelectronic  Systems  based  on  both  Single  Crystals  and  Polycrystals 
technologies  using  state-of-the-art  instrumentation.  The  Microelectronic  Systems  include  both 
Unipolar  and  Bipolar  Junction  Devices  and  often  noted  as  Hybrid  Device  Systems  for  the 
Polycrystalline  Semiconductors.  This  facility  supports  the  Microelectronic  option  program 
offered  by  the  Department  of  Electrical  Engineering.  This  program  option  offers  four  specialty 
courses  dedicated  to  the  area  of  Microelectronics  having  about  a  dozen  of  students  per  year. 
Students  finishing  this  program  are  exposed  to  the  projects  involving  device  electronics  and 
integrated  circuits  including  modeling  of  conduction  processes  and  equivalent  circuit  modeling. 
Also  they  are  exposed  to  the  studies  on  degradation  and  bias  stability  of  the  Hybrid  Systems. 

Work  in  this  facility  is  under  the  direction  of  Dr.  M.  A.  Alim,  Associate  Professor  in  the 
Department  of  Electrical  Engineering.  He  has  initiated  developing  this  facility  in  conjunction 
with  the  development  of  the  Fabrication  Development  Center  within  the  Department  of 
Electrical  Engineering.  He  has  directed  and  guided  numerous  product-related  projects  in  a 
diversified  arena  extensively  involving  a  variety  of  Hybrid  Microelectronic  Devices  and 
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Systems  using  large  and  small  band  gap  electronic  materials  in  Private  Industries,  Government 
Organizations,  and  Academic  Institutions  in  Alabama,  Tennessee,  Ohio,  and  Wisconsin.  Dr. 
Alim  has  taught  and  developed  each  of  the  Microelectronic  option  courses  and  collaborated  with 
the  University  of  Massachusetts  at  Lowell  to  develop  an  active  Microelectronics  option  program 
at  Alabama  A  &  M  University.  His  involvement  includes  research  activities  on  electrical 
components  such  as  resistors,  capacitors,  inductors,  transformers,  resonators,  varistors, 
thermisters,  sensors,  etc. 

Instrumentation  and  Tools 

The  Immittance  Spectroscopy  (Impedance  or  Admittance)  is  a  powerful  non-destructive  tool  in 
delineating  underlying  competing  operative  phenomena  in  variety  materials  and  devices.  Thus, 
it  p  rovides  c  haracterization  a  s  w  ell  a  s  e  valuation  a  nd  q  uality  c  ontrol  o  f  t  he  e  nd  p  roducts  v  ia 
smart  technique.  For  characterization  and  evaluation  purposes  ultimately  an  equivalent  circuit 
model  can  be  developed  comprising  of  lumped  elements  portraying  each  competing  mechanism 
and  operative  phenomenon  within  the  material  system.  Thus,  multi-junction  systems  are 
delineated  into  a  simple  form  that  prompts  processing  or  fabrication  changes.  Single-junction 
through  multi-junction  and  hybrid  systems  can  be  characterized  efficiently  using  this  facility. 
The  characterization,  evaluation,  and  testing  of  material  systems  and  variety  devices  are  non¬ 
destructive.  The  Department  of  Electrical  Engineering  is  equipped  with  two  impedance 
analyzers  (HP4192A  and  Solartron  1260)  ranging  measurement  frequencies  from  1  mHz 
through  13  MHz.  Semiconductors  are  analyzed  via  four-point  probing  as  well  as  Hall  Effect  - 
van  der  Pauw  techniques.  Single  Junction  devices  can  be  analyzed  using  HP4145 
Semiconductor  Parametric  Analyzer.  Junction  features  of  variety  semiconductor  devices  can  be 
evaluated  at  the  Scanning  Electron  Microscopy  Facility.  The  SEM  allows  probing  both  Single 
Crystal  and  Polycrystal  devices  depicting  involved  conduction  areas.  The  elemental  analyses  of 
selected  areas  of  the  devices  or  junctions  are  also  possible  using  EDS  (Energy  Dispersive 
Spectroscopy)  technique. 

Anticipated  Uses 

Although  the  Failure  Analysis,  Characterization,  and  Testing  (FACT)  Facilities  is 
developed  for  Microelectronics  students  to  support  the  curricula  and  conducting  research  in  the 
Department  of  Electrical  Engineering  but  it  is  accessible  and  available  to  support  other 
organizations  according  to  their  requirements.  This  facility  is  also  available  to  conduct  basic  and 
applied  research  to  achieve  an  eventual  product.  It  is  a  perfect  facility  to  initiate  SBIR  (Small 
Business  Innovation  Research)  in  addition  to  large  organizations’  basic  needs.  All 
tools/techniques  noted  herein  are  available  for  innovating  solid-state  (semiconductor)  based 
devices  for  variety  sensors,  transducers,  thermisters,  thyristers,  electrical  components  (resistors, 
capacitors,  inductors,  transformers,  etc.),  varistors,  large  and  low  energy  handling  devices,  etc. 

Other  tools  and  techniques  are  readily  available  for  use.  Among  those  are  highlighted  as  various 
Crystal  Growth  Techniques,  Bulk  Nano-Powders,  X-Ray  Diffraction  (XRD),  Elemental 
Analysis  via  ICP-AES,  etc.  Degradation  studies  of  materials  and  devices  can  be  conducted  using 
all  the  tools  and  techniques  noted  above,  and  then  solutions  may  be  provided  to  the  problems  of 
the  end  products. 


9 


The  FACT  center  will  also  support  research  in  material  characterization,  device  design  and 
development,  performance  demonstration  under  non-nominal  conditions  and  device 
manufacture.  The  center  will  be  an  industry-recognized  resource  for  component  and  device 
testing.  The  center  will  bring  together  the  technical  talent  of  subject  matter  experts  in  academia, 
Government  and  industry  with  the  resources  of  the  FACT  laboratory  to  do  microelectronics 
component  and  device  testing.  The  laboratory  will  be  equipped  to  do  Bum-in  and  Qualification 
testing,  Stress,  accelerated  Stress  and  Accelerated  Lifetime  Testing,  small  batch  Environmental 
Stress  T  esting  and  Failure  Analysis  of  microelectronics  components  and  devices.  The  FACT 
laboratory  will  be  used  to  train  students  in  the  processes  and  techniques  of  microelectronic 
device  testing  and  analysis.  Students  will  be  exposed  to  the  performance  realities  of  "real" 
devices  u  nder  s  tress,  a  nd  w  ill  b  e  t  rained  t  o  a  nalyze  t  he  c  ause  off  ailures  i  n  t  he  d  evices  t  hey 
design.  Students  will  be  instructed  in  the  requirements,  procedures  and  techniques  of 
qualification,  stress  and  accelerated  life-time  testing.  They  will  leave  the  program  with  an 
understanding  of  the  design  and  build  process  and  will  have  developed  the  familiarity  with  real 
devices  that  can  only  be  gained  from  performance  testing  and  analysis  of  failures. 

Summary  Content  in  the  Outer  Cover  Page 

This  facility  provides  the  personnel  and  resources  to  support  research  activities  in  the 
Microelectronics  option  emphasizing  Bulk  Nano-Electronics  while  serving  conventional  and 
innovative  smart  novel  Flybrid  Devices. 

The  aforementioned  text  is  provided  in  the  FACT  Laboratory  brochure  as  shown  in  Figure  1. 

2.  Fabrication  Development  Center  (FDC) 

The  Fabrication  Development  Center  includes  a  team  of  instructors  and  advanced  students 
providing  the  capability  to  develop  prototypes,  support  research  and  education  in 
microelectronics.  The  development  team  makes  use  of  a  2500  square  foot  clean  room  to 
fabricate  solid  state  devices  or  complete  IC  chips.  The  facility  also  supports  the  Department  of 
Electrical  Engineering’s  microelectronics  concentration.  This  program  option  offers  specialty 
courses  dedicated  to  the  area  of  solid  state  electronics.  Students  in  the  program  have  designed 
projects  such  as  digital  memory  systems  and  linear  operational  amplifiers. 

Work  in  the  facility  is  carried  out  under  the  direction  of  Dr.  Koy  B.  Cook  and  Dr.  Zhigang  Xiao, 
professors  of  electrical  engineering.  Dr.  Cook  has  30  years  of  combined  experience  directing 
projects  in  industry  and  teaching  engineering  at  Universities  in  Alabama  and  Florida.  Here  at 
Alabama  A&M,  Dr.  Cook’s  students  use  Multisim  and  Tanner  TCAD  tools  to  design  and 
simulate  IC  chips.  Most  recently,  students  are  using  Silvaco  Supreme  Process  Simulation  tools 
to  develop  advanced  processes  for  silicon  structures.  Dr.  Xiao  has  taught  electrical  engineering 
for  over  ten  years.  Both  Professors  have  experience  in  process  engineering  including  plasma- 
enhanced  chemical  vapor  deposition,  low  pressure  chemical  vapor  deposition,  thin  films, 
photolithography,  diffusion,  and  ion  implantation.  Dr.  Xiao’s  most  recent  work  has  been  in 
nanotechnology  and  Dr.  Cook’s  in  sensors.  Dr.  Cook  is  a  senior  member  of  the  IEEE  and  a 
registered  professional  engineer.  Both  have  extensive  publications. 
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Equipment 


The  Fabrication  Development  Center  contains  the  basic  process  and  fabrication  tools  necessary 
to  develop  new  technology  or  instruct  in  microelectronics.  Fabrication  equipment  includes  a 
state-of-the-art  custom  computer  controlled  six-tube  Steed  diffusion  furnace  system  with 
expansion  capability  for  LPCVD  polysilicon  and  silicon  nitride,  custom  CHA  dual  e-beam 
evaporator,  Karl  Zuss  MA  56  mask  aligner,  Tempress  dicing  saw,  Westbond  die  bonder, 
Rudolph  ellipsometer,  Technics  planer  plasma  etch  system,  Technics  etcher/stripper,  numerous 
class  100  laminar  flow  dry  and  wet  work  stations,  Signitone/Lucas  four-point  probe,  numerous 
Nikon  and  Olympus  microscopes,  Nanometrics  film  measurement  system,  MRK  Image 
Analysis  and  Dimensional  Measurement  System,  CEE  Photoresist  coater,  Blue  M  softbake  and 
hardbake  ovens,  particle  counter,  Tencor  Profilometer,  Simitool  Spin  Rinser  Dryers,  Wentworth 
wafer  prober,  K&S  wire  bonder  and  David  Mann  photomask  pattern  generator  and  step  &  repeat 
cameras.  The  facility  is  plumbed  with  dry  nitrogen  from  external  liquid  storage  tanks  and 
provided  with  a  DI  water  system  operating  as  a  closed  loop  system  to  maintain  better  than  1 8 
meg  ohm  water  purity.  The  engineering  facility  also  has  available  a  Hitachi  SEM  with  EDAX 
capability.  Environmental  control  is  monitored  to  assure  maintenance  of  lab  temperature, 
humidity  and  cleanliness. 

Level  of  Cleanliness 

The  facility  is  designed  to  be  a  class  1000  clean-room.  Instrumentation  indicates  that  the  facility 
exceeds  this  level  of  cleanliness.  At  all  times,  the  facility  is  maintained  at  a  temperature  of  66- 
68  degreed  F  and  the  humidity  is  40-42  percent.  The  entire  room  sits  on  an  isolated  slab  with  its 
own  air  conditioning  and  environmental  control  system.  The  facility  is  maintained  under 
positive  pressure  and  air  is  recirculated,  traveling  from  ceiling  to  floor  in  a  vertical  flow  pattern 
and  returned  through  a  closed  plenum.  Exhaust  air  is  made  up  by  outside  conditioned  filtered 
air. 

Capabilities  and  Uses 

The  facility  is  used  to  support  research,  development  and  education  across  the  University.  The 
facility  supports  microelectronics  instruction  and  research  in  the  Electrical  Engineering 
Department.  Students  are  taught  processing  and  clean  room  techniques,  use  of  basic  layout 
tools,  verification  of  circuit  design  through  observations  and  measurement  of  circuit  parameters, 
lab  safety,  modeling  and  simulation.  The  lab  is  used  to  train  technicians  on  clean  room 
operations.  Students  in  Technology  are  taught  equipment  operations,  safety,  calibration, 
chemicals  used  in  microcircuits,  and  process  technology.  The  lab  is  used  for  the  development  of 
new  devices  such  as  optical,  chemical,  thermal,  pressure  and  acoustic  wave  sensors.  Portions  of 
the  lab  will  be  used  to  verify  failure  mechanisms.  The  lab  will  be  used  to  support 
micromanufacturing.  Processes  including  photolithography,  diffusion,  oxidation,  chemical  and 
physical  vapor  deposition,  plasma  etching  and  wet  chemistry  are  included. 
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Summary  Content  in  the  Outer  Cover  Page 

The  fabrication  Development  Center,  located  on  the  Campus  of  Alabama  A&M  University  in 
the  School  of  Engineering,  provides  the  personnel  and  resources  to  support  research, 
development  and  education  activities  in  the  microlectronics,  nanoelectronics  and  MEMs 
disciplines  while  also  providing  facilities  for  the  design,  development  and  analysis  of  prototype 
devices.  The  Center  includes  a  2500  sq.  ft.  clean  room  facility  with  state  of  the  art 
environmental  control  systems  and  equipment. 

The  aforementioned  text  is  provided  in  the  FDC  brochure  as  shown  in  Figure  2. 


LABORATORY  FACILITIES 

The  laboratory  comprises  of  several  instruments.  Some  of  them  are  displayed  in  the  photographs 
given  in  Figures  3  through  9.  In  these  viewgraphs  both  clean  room  and  the  FACT  Laboratory 
instruments  are  shown  although  several  instruments  are  procured  from  other  funding  sources. 
Each  of  these  instruments  is  identified  and  it  is  shown  that  the  students  are  progressing  with 
their  laboratory  practices  (practicum  courses)  described  with  captions  along  with  the  presence 
of  the  students  during  the  laboratory  sessions. 


LIST  OF  THE  INSTRUMENTS  PROCURED 

The  AFOSR  fund  ($180,000)  has  been  used  to  procure  instruments  for  the  FACT  and  FDC 
facilities  in  the  Department  of  Electrical  Engineering  at  AAMU.  Some  features  of  these 
instruments  are  described. 

1.  CHA  600  Dual  E-Beam  Evaporator 

This  e-beam  evaporator  allows  metallization  and/or  electroding  on  to  the  semiconductor 
surfaces  besides  obtaining  thin  film  structures  on  the  substrates  as  high  vacuum  such  as  10'6 
torr. 

2.  Technics  PE  IIA  Planar  Plasma  Etching  System 

This  etching  system  allows  etching  semiconductor  surfaces  and  primarily  aimed  to  use  for 
silicon  surfaces. 

3.  Signitone/Lucas  SYS-301-4  Four  Point  Probe 

The  four  point  probe  will  be  used  for  measuring  van  der  Pauw  resistivity  of  semiconductors. 
This  is  useful  for  any  geometry  of  the  semiconductor  sample. 
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4.  NIKON  Optiphot  66  Microscope 

This  microscope  will  be  used  making  contacts  and  viewing  semiconductor  surfaces.  It  has  100 
X  capability. 

5.  HEM  2000/0.51T  -  SP  Hall  Effect  Measurement  System 

The  Hall  Effect  measuring  system  is  conducive  for  obtaining  carrier  concentration  in  the 
semiconductors.  The  measurement  can  be  conducted  at  0.51  Tesla  which  is  adequate  for  silicon. 

6.  HP4145B  Semiconductor  Parametric  Analyzer 

The  semiconductor  parameteric  analyzer  provides  device-related  parameters  for  junction 
devices.  This  unit  is  perfect  for  silicon  based  devices. 

7.  Solartron  1260  Impedance  Analyzer 

The  Impedance  Analyzer  allows  measurement  in  the  range  10  mHz  through  32  MHz.  It  is  an 
excellent  characterization  unit  for  junction  semiconductors  f  or  detecting  underlying  operative 
mechanisms  via  equivalent  circuit  representation.  Equivalent  circuit  can  be  developed  through 
the  complex  plane  formalisms  of  the  impedance  or  admittance  data. 

8.  Keithley  651 7A  Electrometer  and  High  Resistance  Meter 

This  electrometer  is  useful  in  measuring  both  voltage  and  current  in  a  circuit.  Thus,  it  will  be 
used  in  measuring  the  current- voltage  behavior  of  the  semiconductor  based  junction  devices. 

9.  Multi-Probe  with  Probe  Head  Accessories  using  MHP/MWP 

This  is  a  miniaturized  probe  for  quick  assessment  of  resistivity  of  a  sample. 

10.  Instrument  Controller  Accessories  and  Laboratory  Supplies 

Instrument  controller  accessories  are  essential  to  run  the  instruments  while  acquiring  data  and 
conducting  subsequent  analysis.  Instruments  are  interfaced  for  performing  these  tasks  by  the 
students. 


The  rest  of  the  instruments  listed  in  the  brochures  for  the  FACT  and  FDC  facilities  are  procured 
by  using  other  funds.  Thus,  Figures  1  through  9  contain  the  aforementioned  instruments  beside 
other  instruments  that  are  funded  by  other  projects. 
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CONCLUSIONS 


The  AFOSR  fund  was  utilized  efficiently  where  the  Dollar  amount  was  maximized  procuring 
used  and/or  re-conditioned  instruments.  Also  new  instruments  were  procured  as  used  items  were 
not  available  at  suitable  pricing.  Utilizing  this  fund  the  concept  of  FACT  and  FDC  facilities 
were  materialized.  The  Undergraduate  students  are  receiving  Laboratory  Practices  (Practicum 
Courses)  for  their  two  Microelectronics  option  courses. 


KEY  PERSONNEL 

The  activities  of  the  key  personnel  are  provided  below.  The  PI,  Dr.  M.  A.  Alim,  had  been 
continuously  engaged  in  procuring  necessary  instruments  utilizing  AFOSR  fund.  He  has  also 
used  his  research  funds  from  NASA  and  MDA.  Dr.  K.  B.  Cook  has  supplied  some  of  the 
photographs  of  the  instruments  along  with  the  students  in  the  laboratory  facilities  that  are  used 
in  this  Report. 

1.  Dr.  M.  A.  Alim  (P.I.) 

Dr.  Alim  is  an  Associate  Professor  in  the  Department  of  Electrical  Engineering  at  Alabama  A  & 
M  University  (AAMU)  and  also  the  contact  person  for  the  FACT  (Failure  Analysis, 
Characterization,  and  Testing)  Laboratory  facility.  He  has  been  awarded  Researcher  of  the 
Year  2003  at  AAMU  on  August  14,  2003.  He  possesses  cumulative  12+  years  industrial  and 
consulting  experience  prior  to  joining  AAMU  in  August  1998.  Besides  this  he  also  possesses  8+ 
years  teaching  experience.  His  diverse  research  expertise  involves  variety  polycrystalline 
semiconductors  for  both  electrical  component  and  integrated/discrete  electronic  device 
applications.  He  has  some  88+  publications  in  the  international  journals  and  conference 
proceedings  beside  co-editing  2  books,  obtaining  5  U.S.  patents,  and  6  book  chapters.  He  has 
visited  Canada,  China,  India,  Ireland,  and  Bangladesh  upon  invitation  to  present  seminar  talks 
and  offer  short  courses  beside  the  institutions  within  the  U.S. A. 

2.  Dr.  K.  B.  Cook  (Co-I) 

Dr.  Cook  was  in  this  project  as  a  co-investigator.  He  is  the  contact  person  for  the  Fabrication 
Development  Center  (FDC)  comprising  primarily  of  the  clean  room  arena  with  the  assistance  of 
Dr.  Zhigang  Xiao. 
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accelerated  lifetime  testing.  They  win  from  the  txsic 
pioce.a  of  fthfree  onoysis.  The/  <*MI  leave  the  program 
w&b  an  iinderstcndiof,  of  the  design  and  build  proc  ess 
and  will  have  devebped  the  familiarity  with  real  devtftrs 
that  can  c-rdy  he  gained  font  performance  testing  orrS 
ondlfsH  of  fa&utts. 


Department  of  Slcttrkal 
engineering 

$£!•<<»»>  »#  a;i<5  Ts<*i>vjfos>'/ 

t  n  C*r.nt  *>■  ;»sf 

Hf.r-e,jt  At  i.V7« 

t>r  Treat  Knnyrtwnrvy 
rye**  i*n*ry>:vi\t^tV\'v  -v>»i!  w»u(& 

F».-o*r  l\,0-yr;-Pi'X! 

Figure  1.  Failure  Analysis,  Characterization,  and  Testing  (FACT)  Laboratory  brochure 
(outer  and  inner  pages).  The  clear  text  is  reproduced  in  the  FEATURES  OF 
THE  LABORATORY  FACILITIES  (section  1). 
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Fabrication 
Development  Center 

The  fabrication  Development 
Center,  located  on  the  Campus 
of  Alabama  A&M  University  In 
tf\e  School  of  Engineering,  pro¬ 
vides  the  personnel  and  re¬ 
sources  to  support  research,  de¬ 
velopment  end  education  activi¬ 
ties  tn  the  microelectronics, 
ru moefactronks  and  MEMs  dis¬ 
ciplines  while  ako  providing  fa¬ 
cilities  for  the  design,  develop¬ 
ment  and  analysis  of  prototype 
devices.  The  Center  includes  a 
2S00  sq.  ft  clean  room  facility 
with  state  of  the  an  environ¬ 
mental  control  systems  and 
equipment. 


E*iK«h«eeHr*x  and  Technology  Building 


Department  of  Electrical 
Engineering 


School  of  Engineering  &  Technology 
133  Chnsr  Road 
Norm-*?.  At  $$76? 

Coaucti 

Dr.  Koy  Cook 
fcf>y.ccok$£«m:»il  namu  i»d» 

tt 56)  372  S$6t 

Dr,  2h':g3i»g  Xuo 

Oil)  372-5B94 

Dr  Trent  Montgomery 
went  montgomcry^cmai!  tnu.edu 
Phone:  2 5* -37 2 <5590 
Fav:  256  372-SBS5 


HiL 


Fabrication 

Development 

Center 


Alabama  A&M 
University 

Normal, AL  35762 


Department  of 
Electrical  Engineering 


Fabrication  Development 
Center 


The  fabrication  Development  CtftKf  include*  *  team  of 
inst.ro>*.  tors  #od  advanced  students  prevuim;  the  capabil¬ 
ity  to  develop  prototype*,  aswwt  and  ed-.*c*- 

tion  in  mknoctavtrvwks.  The  development  team  mAm 
use  of  a  250(5  square  foot  clean  room  to  fcibntste  *<skd 
»ute  rirvtctft  or  <o mpfot*  1C  <h>p*.  The  ta.cH.sy  also  sup- 
po>;ts  the  Department  of  Btoctrkal  FVi/<  nee  ring's  mic»o«- 
v  *C£VGmc.\  tonwmr*van 
■  bis  program  option  offers 
sptKMhy  courses  dedicated 
to  the  area  of  solid  state 
electronic*  Students  w 
the  program  Have  designed 
project*  tttch  as  digital 
memory  systtmu  and  Kn 
ear  operations!  amphf  er*. 


Work  »n  I  He  facility'  is  car- 
reef  out  under  the  d'« hon  of  Dr,  K*»y  B  Cook  and  D< 
3f.higtng  XUo.  profe*.*r>r*  of  electrical  eogimrerterg.  D» 
Cook  Has  .30  years  of  combined  experience!  directing 
projects  tn  industry  and  teaching  engineering  at  unhersi. 
tie*  its  AUbama  and  florid*  Here  at  Ahham.s  AAM,  Or. 
Cook's  students  use  Mu!t«ttm  and  Tanner  TCAD  tools 
to  design  and  Simula tt?  !C  diipt.  Mott  recently,  students 
nip  using  Silva co  Supreme  Process  Sfcr.Mtatlon  tools  to 
develop  advanced  processes  for  trkon  »m»«wre*  D* 
X<ao  hat  taught  electrical  engineering  fo**  caver  ten  years 
Both  Processor*  have  nvperieneo  in  process  eisgmeenng 
including  plasma  enhanced  chemical  vapor  deposition, 
low  pressure  chemical  vapor  cK'jv.vsltlon.  thin  films.  p!<o- 
ted  thograpHy.  cjifftcjion,  and  ton  Implantation.  Or,  X  lie's 
most  recent  work  has  been  tn  r.ano tech.nogcdy  and  Or. 
Cook's  its  sensors.  Dr.  Cook  *.s  a  senior  me-mhtu*  of  the 
it fi£  and  a  registered  proknritanal  engineer.  Bet h  have 
ti* t en.tive  pub lies r>e. os 


Equipment 

The  Fofctvaikrn  Development  Center  contains  the  basic 
p-oress  and  fabrication  tools  necetttry  to  develop  new 
tech'iehsgy  or  Mstrsrct  in  microelectronic*.  fabrication 
equipment  include*  a  itate  of  p'C-art  custom  computer 
Controlled  six-tube  Steed  diffusion  furnace  system  with 
expansion  tapabi#ly  for  LFCVD  polysil-ron  and  silken 
mride.  custom  CMA  dual  e-beam  evaporator,  Karl  Susa 
MA  56  mask  al-yner.  Tempress  dicing  vnw.  We  St  bond  the 
bonder.  „  Rudolph  elkpsorreter.  Technic*  planer  plasma 
etch  system.  Technits  etcher 'stepper,  numerous  class- 
1 00  laminar  flow  dry  and  wrt  work  ctatfons,  Sijuii- 
teneT.ncas  four. point  probe.  numeroi-'S  Nikon  skk) 
Olympus  microscope*.  Nanomelrk*  film  measurement 
system,  MkK  Image  Analysis  **k 1  Dwientional  Measure¬ 
ment  System.  C£fc  Photoresist  coaler.  Blue  M  softbaW- 
and  hardbake*  ovens,  parkfr  rev  infer,  -f  error  Profikxnv- 
ter.  Simitoo!  Spin  Rimer  Oyer*.  Weotworth  wafer 
prober.  K&S  wire  bonder  and  David  Mann  photomask 
pattern  generator  and  »tep  &  repeat  cameras  The  facil¬ 
ity  is  plumbed  with  dry  nitrogen  from  external  Ikjukf 
storage  tanks  and  provided  with  a  Ol  water  system  oper¬ 
ating  as  a  closed  loop  system  to  rminratn  better  than  (0 
meg  ohm  water  purity.  The  engineering  facility  also  lias 
available*  4  H:t«tbj  S£:M  with  £DAX  capability.  £;iv»t<ws- 
n>ot».a!  control  is  monitored  to  assure  iriainUuijnte  of  lab 
temperature,  humidity  imd  dean  fine**. 


All  frvW.M  *re  jitrn  u  bnprOinn 


L«iv<»l  of  CloanHnoss 

The  facility  Is  designtwl  to  be  »  class  10D0  cfoan 
room.  Instrumentation  indicates  that  the  facility 
exceeds  this  fc-vrl  pf  cleanliness.  At  alt  times,  the 
facility  *«  maintained  *t  »  temperature  oi  66-68 
degrees  F  »nd  she  humidity  h  40-41.  percent..  The 
entire  room  pts  on  an  isolated  *la»v  wlt?i  its  iiwn 
air  ccvnditionlog  and  environmental  control  sys¬ 
tem  The  facTty  i>  maintained  under  positive  pres¬ 
sure  and  ah*  h:  rerirrylafed  traveling  from  ceding 
to  floor  m  a  vertical  fkrw  pattern  and  resumed 
Oirough  a  closed  plenum,  Cxhamt  n>r  »»  made  up 
by  outside  conditioned  filtered  air. 

Capabilities  and  Uses 

The  facility  i*  sw«d  to  support  research,  dkrvc-lop- 
mem  and  edt*caj ion  across  the  University-  The 
facility  supports  irkroctcctconfes  irsstrvttion  find 
research  in  the  K!v«;c><it*l  fnginetuing  Departmetu:, 
Student*  are  tatjghx  processing  and  Heats  room 
techniques,  use  of  bssle  layout:  too!*,  vertflcaslon  of 
circuit  design  through  Observations  and  measure- 
mest  of  circuit  parameters.  Ut>  *afcty.  hsodf?fihg 
and  skmibtkjn  The  lab  is  used  to  train  tethnkbfm 
on  clear*  rooi*^  operations  Students  in  Technol¬ 
ogy  are  taught  equipment  operation t,  «.sfety,  o?i- 
brat  ion.  cbrmicaH  used  in  ruk.s'mvlrcuits.  and  proc¬ 
ess  lechfiology  Thu  lab  it  used  for  the  develop- 
mem  of  new  devices  such  as  optical.  cHemical, 
tT>tt>  nssl,  pressure  and  acoustic  wave  sen.w^n  Por 
lions  of  the  fab  wit!  he  u*ed  to  verify  failure 
mechanisms  The  tab  will  be  used  sc»  support  <7U- 
trotnanufittur  log.  Processes  kKluding  phoudhlio1 
fraphy.  diffusion,  oxldst^ot*.  ehemlral  and  physfos! 
vapor  deposition,  ptasms  osehing  and  wet  chewlr,- 
try  are  included. 


Figure  2.  Fabrication  Development  Center  (FDC)  brochure  (outer  and  inner  pages).  The 
clear  text  is  reproduced  in  the  FEATURES  OF  THE  LABORATORY 
FACILITIES  (section  2). 
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Figure  3. 


CHA  600  Dual  E-Beam  Evaporator  (a)  as-received;  ( b )  in  the  clean  room;  and  ( c ) 
with  the  students  in  the  clean  room. 


Figure  4. 


Two  instruments  in  the  clean  room:  (a)  Technics  PE  IIA  Planar  Plasma  Etching 
System;  and  ( b )  Signi tone/Lucas  SYS-301-4  Four  Point  Probe  measuring  set  up. 


Figure  5.  The  NIKON  Optiphot  66  Microscope  in  the  clean  room. 


(a) 


( b ) 


Figure  6.  (a)  The  Karl  Zuss  MA  56  Mask  Aligner  in  the  clean  room;  and  (b)  Student 

performing  mask  alignment. 
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Figure  7.  Clean  room  activities:  (a)  Students  with  several  microscopes  viewed  from  outside 
the  clean  room;  ( b )  Students  working  in  the  clean  room;  (c)  Students  working  with 
the  horizontal  diffusion  furnace;  ( d)  Students  working  with  measurement  tools  in 
the  clean  room;  and  ( e )  Students  progressing  work  in  process  using  various 
instruments. 
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Figure  8.  Student  working  on  semiconductor  device  characterization  using  impedance 
analyzer  in  the  FACT  Laboratory. 


Figure  9.  Scanning  Electron  Microscope  (SEM)  used  for  the  analysis  of  variety  materials  in 
the  FACT  Laboratory.  [Received  as  donation  from  a  local  company  in  Huntsville, 
Alabama.] 
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